As 2 important SNPs located in the promoter region of VEGF gene, the roles of rs833061 (-460C>T) and rs699947 (-2578C>A) in lung cancer susceptibility and survival remain inconclusive and controversial.
Background
Globally, lung cancer is one of the most frequently diagnosed cancers and is a leading cause of cancer-related death [1] . Although the mechanism of tumorigenesis of lung cancer is still not well defined, it is generally considered to be a complex process related to both epigenetic and genetic changes. Aberrant angiogenesis is one of the most studied genetic alterations in cancer development. In fact, angiogenesis is a critical process in the development, growth, and metastasis of malignant tumors [2] . Vascular endothelial growth factor (VEGF) and VEGF-receptor (VEGFR) are the key regulators of angiogenesis, playing an essential role in regulating neovascularization. Overexpression of VEGF was observed in lung cancer [3, 4] . Inhibition of the VEGF signaling pathway could partly suppress tumor-induced angiogenesis and tumor growth [5, 6] . During the past 2 decades, Bevacizumab, an agent recognizing and blocking the pathway of VEGF-A, has shown some efficacy in combination regimens to improving progression-free survival and overall survival of some solid malignancies, such as breast cancer, renal cell carcinoma, and non-small-cell lung cancer (NSCLC) [7] .
The VEGF gene is located on chromosome 6p21.3 and has 8 exons [8] . Previous studies confirmed that this gene has at least 30 single-nucleotide polymorphisms (SNPs). Among them, -2578C>A (rs699947), -634G>C (rs2010963), -460C>T (rs833061), and +936C>T (rs3025039) were demonstrated to regulate VEGF expression [9, 10] . Therefore, genetic variability of the VEGF gene could also modulate lung carcinogenesis through affecting angiogenesis. rs833061 and rs699947 are 2 important SNPs located in the promoter region of the VEGF gene, which might influence promoter activity [9] . Previous clinical studies observed that these 2 SNPs might contribute to altered risk of lung cancer [11, 12] . In addition, some studies also observed altered lung cancer survival related to −460C>T variation [13, 14] . High VEGF expression and associated enhanced tumor vasculature might facilitate the delivery of chemotherapy agents to target tumor issues and also inhibit tumor radioresistance caused by radiation-induced hypoxia, leading to a better synergistic effect between chemotherapy and radiotherapy. However, the results of previous studies remain inconclusive and controversial. For better understanding of the effects of these 2 SNPs on lung cancer, findings of previous studies were pooled to generate large-scale evidence in this meta-analysis.
Material and Methods

Search strategy
Relevant studies published from January 2000 to April 2014 were searched in PubMed, Web of Science, Embase, and Cochrane Library. The following terms and strategies were used for the search: ("rs833061" OR "rs699947" OR "single nucleotide polymorphism" OR "SNP" OR "genetic variation" OR "genetic polymorphism") AND ("lung cancer" OR "lung neoplasms" OR "lung tumor") AND ("Vascular endothelial growth factor" OR "VEGF" OR "VEGFA"). To avoid missing qualified trials, the backward snowballing method was used to manually screen reference lists of eligible trials. No language restriction was applied when searching.
Selection criteria
The following criteria are used to screen eligible trials evaluating SNP and lung cancer risk for this meta-analysis: (1) a casecontrol study, cross-sectional study, or cohort study that explored the association between VEGF rs833061 and rs699947 variants and susceptibility to lung cancer; (2) the genotype distribution of the controls were as expected by Hardy-Weinberg equilibrium (HWE); (3) sufficient data were available for calculation of allele/genotype frequency. Only studies that simultaneously meet these criteria were included for analysis. For studies evaluating SNP and lung cancer survival, genotype and correspondent overall survival time and hazard ratio (HR) needed to be reported.
Data extraction
Two authors (JT and SW) independently extracted data from original studies. Data extracted included first author, year of publication, country of origin, total number of cases and controls, source of participants, their ethnicity, histological types of lung cancer, smoking status, method of genotyping, SNP, genotype distributions, and HWE information in controls. Disagreement in data extraction was resolved through group discussion by referring to original studies with a third reviewer.
Quality assessment
The quality of eligible studies assessing SNP and lung cancer risk was assessed with the modified Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) quality score system. This system appraises a trial's quality score based on 40 assessment items with score ranging from 0 to 40. Based on scoring of this system, the quality of a study could be classified into 3 levels: low quality (0-19), moderate quality (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) , and high quality (30-40).
Statistical analysis
For trials evaluating the 2 SNPs and lung cancer risks, the odds ratios (OR) and corresponding 95% confidence intervals (CI) were calculated to assess the association between genetic variants and lung cancer risks with 5 genetic models, >50% was considered as significant heterogeneity. A primary test was performed with a fixed-effects model. If no significant heterogeneity was observed, the fixed-effects model with Mantel-Haenszel method was used to make estimates. However, if significant heterogeneity was observed, the sources of heterogeneity were be further analyzed. If there were no significant clinical or methodological differences, the random-effects model based on DerSimonian-Laird method would be used. If significant clinical or methodological differences were observed, descriptive analysis was used. Subgroup analysis was performed based on ethnicity of participants. For studies evaluating the SNP and lung cancer survival, due to significant heterogeneity in clinical features, including patient baseline and therapeutic practices, descriptive analysis was applied.
2521
Results
Characteristics of trials included
After searching and screening with preset criteria, a total of 10 studies were included for this meta-analysis. Four trials explored the association between rs833061 (−460C>T) and lung cancer risk [11, 12, 14, 15] . Four trials explored the association between rs699947 (-2578C>A) and lung cancer risk [14, [16] [17] [18] HB -hospital based control; PB -population based control; PCR-RFLP -polymerase chain reaction-restriction fragment length polymorphism; NSCLC -non-small-cell lung cancer; * studies assessing SNP and lung cancer survival; vacancy means not applicable. This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License studies studied the association between rs833061 (−460C>T) and lung cancer survival [13, 14, 19, 20] . The key characteristics and quality scoring of the studies were given in Table 1 . The search and screening process was summarized in Figure1. A total of 6,614 patients and controls were involved in this study. Seven studies were conducted in Asians (5 in China, 1 in Korea, and 1 in Japan) and 3 were in Caucasians (2 in the US and 1 in Portugal). Six studies used polymerase chain reaction-restriction fragment length polymorphism (PCRRFLP) for genotyping, 3 studies used TaqMan method, and 1 used MassARRAY. The quality score of all studies was between 20 and 35, suggesting moderate-to-high quality. The genotype distribution of cases and controls is summarized in Table 2 . All studies had p>0.05 in HWE test of control group, suggesting no population stratification.
Association between rs833061 and rs699947 in VEGF and susceptibility to lung cancer Pooled results and stratified analysis of the association between the 2 SNPs and the risk of lung cancer are summarized in Table 3 . The results of meta-analysis showed that rs833061 −460C>T polymorphism generally had no influence on lung cancer susceptibility. 
Association between rs833061 −460C>T variants and lung cancer survival
Through retrieval in databases, only 4 studies reporting the association between rs833061 −460C>T polymorphism and lung cancer survival were available. Due to significant heterogeneity in patient baseline, therapeutic methods, and data form, it was inappropriate to pool the survival results directly, so we used descriptive analysis. Survival results of the studies included Table 3 . Association between rs833061, rs699947 in VEGF and susceptibility to lung cancer.
P -p value; P-H -P value of Q for heterogeneity test; I 2 >50% -high heterogeneity; Random effects model was used when P value of Q for heterogeneity test P-H >0.1 or I 2 >50%; otherwise, fixed effect model was used; Bold was used for highlight statistical significance. Table 4 . Association between rs833061 -460C>T variants and lung cancer survival.
* 5-Year OS (%)(95% CI); † Median Survival Time (month)(95% CI); ‡ Median Survival Time (day) (95% CI); HR -hazard ratio; CI -confidence interval; Bold was used for highlight statistical significance. (Table 4) . de Mello et al. [14] recent study observed that -460T conferred increased lung cancer survival. Compared with CC (9 months, 95% CI: 05.38-12.61), the median survival time and HR of the CT group and TT+CT group was 11 months (95% CI: 8.47-13.52) and 1.028 (95% CI: 0.331-3.196, p=0.036) versus 10 months (95% CI: 8.14-11.86) and 1.011 (95% CI: 0.336-3.039, p=0.011), respectively (Table 4) .
Discussion
Angiogenesis is a critical process of tumor development, growth, and metastasis [21] . As one of the essential regulators of angiogenesis, the molecular basis of the VEGF pathway has been explored by a series of studies. Previous studies have already identified several functional polymorphisms of the VEGF gene that might affect serum VEGF level, including -634G>C, -1154G>A, 936C>T, -1498C>T, -2578C>A, and -460C>T [10, 22] . Previous studies also confirmed that functional genetic polymorphisms could alter mRNA or protein expression, thus generating significant influence on disease development, including cancer [23] [24] [25] . As 2 important SNPs in the promoter region of the VEGF gene, previous meta-analyses observed that -2578C>A and -460C>T polymorphisms were related to risk of gastric cancer, colorectal cancer, and breast cancer [26, 27] . However, in lung cancer, previous studies reported conflicting results about the function of these 2 SNPs.
This meta-analysis involved 2602 cases and 2194 controls in 4 trials to evaluate the risk of -460C>T polymorphism in lung cancer development and 1297 patients in another 4 trials to evaluate the effect of this SNP on lung cancer survival. Results from this meta-analysis showed that -460C>T polymorphism generally had no significant effect on lung cancer risk. However, subgroup analysis found that -460TT homozygote variant might be associated with significantly increased cancer risk in Asians but not in Caucasians. In lung cancer survival, 4 trials had conflicting results. One found -460C>T had no effect on survival, 1 observed a risk-increasing effect, and the remaining 2 observed a risk-decreasing effect. As to -2578C>A polymorphism, this meta-analysis based on 530 cases and 576 controls found -2578AA homozygote carriers might have significantly higher risk of lung cancer. However, significant between-studies heterogeneity was observed. Subgroup analysis found Asian -2578A/A homozygote carriers might have significantly higher risk of lung cancer, but this trend was not observed in Caucasians. Therefore, these 2 SNPs might be potential indicators of lung cancer risk for Asians.
In lung cancer, 4 trials reported inconsistent findings in the effect of -460C>T on patient survival. This inconsistency might be caused by several factors. Firstly, the ethnic discrepancy might be caused by a series of factors, including different gene-gene interaction due to different genetic background and different gene-environmental interaction due to different lifestyles. Thus, the inconsistency could be partly explained by divergences in the genomic expression and gene-environmental interaction of different populations [14] . Secondly, there were clinical differences in trials. This study found that even within the same ethnicity, different findings were also observed in different studies. de Mello et al. [14] study observed that -460C allele conferred decreased lung cancer survival in Caucasians but Heist et al. [19] study in Caucasians failed to demonstrate any significant association between -460C allele and survival among NSCLC patients. One point worth noticing is the different therapeutic practices applied in these studies. For example, in Heist et al. [19] study, most of the 462 early-stage NSCLC patients had received resection, only 32 patients (7%) had radiation, and 3 patients (0.6%) received chemotherapy. However, Guan et al. study involved 124 patients, all treated with radiotherapy. In de Mello's study, all patients received gefitinib therapy and all EGFR-negative patients had a platinum-based regimen [14] . Previous study observed that C variants of −460C>T (rs833061) were associated with increased VEGF promoter activity [9] . Thus, it is possible of VEGF -460 C allele might enhance tumor angiogenesis. For patients who received both radiotherapy and chemotherapy, it is possible that enhanced tumor vasculature might facilitate the delivery of chemotherapy agents to target tumor issues and also inhibit tumor radioresistance caused by radiation-induced hypoxia, leading to a better synergistic effect between chemotherapy and radiotherapy. This might be why Guan et al. [20] and de Mello et al. [14] observed better survival of lung cancer patients with -460C allele who received a combination of chemotherapy and radiotherapy or even only chemotherapy. Therefore, when planning chemotherapy and radiotherapy for patients, it is necessary to consider their VEGF genetic variances and VEGF expression.
